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THE AUTOMATIC CAPACITANCE BRIDGE

The ideal measuring instrument is
one that requires only that the un-
known be connected to its terminals
and which thereupon indicates the
measured value, with not so much as a
single control being manipulated. A
few such automatic instruments have
been developed; many more are sure to
come. General Radio’s first entry in
a projected series of automatic digital
instruments is the Typre 1680-A Auto-
matic Capacitance Bridge, which se-
lects range, balances ecapacitance and
loss simultaneously, generates coded
digital output data, and displays the
measured values, complete with deci-
mal points and units, on illuminated
indicators — all in a half second or so.
This new bridge not only permits a
dramatic speedup in the measurement
of capacifors, but also couples easily
into systems for automatic, error-free
recording of data.

The exceptional speed and self-bal-
ancing capability of the automatic
bridge are not bought at the expense
of aceuracy or capacitance range. Basie
aceuracy is +0.19,, and the*ecapaci-
tance range for useful measurements is
1 picofarad to 1000 microfarads (see
Specifieations). Dissipation-factor range
is 0.0001 to 1.0, and the bridge also
measures parallel conductance from
0.1 nanomho to 1 mho.

HOW IT WORKS

The bridge circuit is a transformer
ratio-arm bridge, in which balance is
achieved by the adjustment of the
voltage impressed on the standard ca-
pacitor. The method by which this
voltage is automatically adjusted to
produce balance is shown in Figure 2.
Any unbalance current from the bridge
is separated into real and imaginary
components by two phase-sensitive de-
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tectors, The de output from each de-
tector controls the direetion in which
a reversible counting decade counts
pulses derived from the bridge genera-
tor. If, for instance, the capacitance
value indicated by the counting decade
is too high, the de output from the
phase detector will cause counts to be
subtracted from the decade. The coded
output of each counting deeade is, in
turn, fed back through a digital-to-
analog converter to change the voltage
on the bridge standard until balance
is reached.

To minimize balancing time, as well
as to afford the greatest versatility of
operation, four operating modes are
provided. The optimum mode depends
on the kind of measurements being
made and on how much each compo-
nent differs in value from the next.

In the two FasT modes, the initial
value 18 set to 02000, and the pulses
are counted first in the mos! significant
digit until it is balanced, then in the
next most significant, and so on until
the least significant digit is balanced.
The balance speed in these modes is
essentially independent of the value of
the unknown.

The avuromaric RANGE mode is used
for highest-resolution measurements of
eapacitors that vary widely in value
from one to the next. For such measure-
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Figure 2. Elementary block dia-

VOLTAGE gram of the automatic bridge.
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ments, this is the fastest mode. The
bridge quickly selects the right range
and the balance sequence starts at the
most significant digit and works to
the least.

The noLp raNcE mode is identical to
the AvromaTic RANGE mode except
that the bridge will not shift to a lower
range and thus displays a series of
measured values in a form for easy
comparison. Operating in this mode,
the bridge would not, for instance, indi-
cate two successive measurements as
1263.1 nF and 13.107 nF. Instead, the
second measurement would be made on
the same range as the first, for a read-
ing of 0013.1 nl". Although the bridge
will not change to a lower range, it will
go to a higher one, so that a correet an-
swer will always be indicated.

In the two conTiNvoUs modes, the
pulse count starts at the least signif-
icant digit of the counter, so that bal-
ance time depends on the difference

Figure 3. Simplified schematic diagram of frans-
former ratio-arm bridge.
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between the last value measured and
the true value of the unknown.

Iu the continuous-tracking (TRACK
conT) mode, the balance begins at the
previous measured value and proceeds
from the least significant figure to the
most, ns with a conventional counter.
The bridge then follows changes in ca-
pacitance as they oceur, always indi-
cating the current capacitance value.
This mode is used if the applieation in-
volves small changes in the capacitance
being measured, as, for instance, in
temperature-coefficient testing.

In the TRACK sampLED mode, the
bridge, instead of automatically follow-
ing changes in capacitance, makes
measurements only on command of the
operator. Balance starts at the previ-
ous value and proceeds from the least
significant figure to the most, and this
mode is thus especially useful in the
testing of many capacitors of the same
nominal value.

The Transformer Ratio-Arm Bridge

The transformer ratio-arm  bridge
(see IMigure 3) has enjoved recent favor
in commerecial designs and is used in
the most accurate capacitance bridges
availuble today.! The chief advantage
of this type of bridge is that a precisely
known turns ratio can be used to ex-
tend the usefulness of a single high-
precision standard component over u
very wide range. This turns ratio,
moreover, 1s unaffected by age, tem-
perature, or voltage variation.

To balance the bridge, the voltage
on the standard capacitor is adjusted
s0 that the current through the stand-
ard arms equals the current fowing
through the unknown arm. Under this
condition, the detector current is zero
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and the detector indicates a null. At
balance, therefore:

Bjol's = B jul’,
or
L
s -5 .

The ratio transformer in the Tyre
1680-A Bridge is a high-permeability
toroid with 1-, 10, 100-, and 1000-turn
windings. The internal standards, which
basically determine the aceuracy and
stability of any bridge, are a 0.1-ul’
polystyrene and silvered-mica capaci-
tor, with a temperature coefficient of
only a few parts per million/°C, for
capacitance measurements at 1 ke/s
and 400 ¢/s; a 1-uF precision polysty-
rene capacitor for 120-cyele capaci-
tance measurements; and, as conduct-
ance standards, several precision resis-
tors wound on flat card forms to an
initial tolerance of better than +0.019
and sealed against atmospheric effects.

The Phase Detector

Since the detector signal is zero at
balance, the phase-detector characteris-
tics do not affect aceuracy. They do,
however, affect speed of balance. The
Tyre 1680-A Bridge uses a sampling,
or keyed, phase detector,® which ar-
rives at its final output value within
only one period of the signal frequency.
The prineiple of operation is shown in
Figure 4. The phase detector stores the
instantaneous value of the input signal
at a particular point in the ac cyele.
So that the detector can sample the
value of the in-phase component, a

tJ. F. Hersh, '
for Cnpacitance Measuremenots,”
manter, Augnst-September 1662,

* K, E. Schreiner, “ ﬂ'tgh Péerformance Demodulations
for SBervo Mechanisms.” Prooecdings of the National
Electronics Conference, 1046, Vol 2, p 383-403.

' Aceuracy, Pmnei.nn, and Convenience
General Radio Expari-
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switch is elosed briefly when this com-
ponent reaches its peak amplitude, and
this peak value is stored in a storage
capacitor. The quadrature component
ig zero at this time and thus does not
affect the voltage. The de output of
this type of detector follows the in-
stantancous value very rclosely and
supplies the necessary up-to-date infor-
mation to the logic eircuits.

FORWARD

Figure 5. (Left) Feedback system for
converting 16 states of four Fip- DECIMAL
flops inte o scale of 10. Carry NUMBER
pulses ore generated during transi- 0
tions from stafe 1 to state 0, feed- |
back pulses during transitions from 2
state 0 to state 1. The crossed-out 3
states do not occur bul are by- a
passed by the feedback reset oper- %
ations.

[Right) In the reverse direction, carry L
pulses are generated during transi- T
tions from state 0 to state 1. After

state 8, the corry pulse from the

first flip-flop does not reach the

second flip-flop because of the gate,

but it is used to set the fourth Hip-

flop to the xero stote,
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Figure 4. The phass d . a. Elemen-
tary block diagram. b. The error signal, Eac, re-
solved into in-phase and quadrature components.
c. The switch closes when the signal component
reaches its peak value, d. The resulting de output
closely follows the peak value of the signal com-
ponent as the errar signal appreaches zero.

The Reversible Counter

There are two reversible decade
counters, one for capacitance balance,
one for loss, lach consists of four com-
plementary flip-flops coupled together
by gates that can arrange the eircuit
for either forward or reverse counting.
The digital logic® by which the four
flip-flops are used to generate a scale
of 10 is shown in Figure 5. A 1-2-4-2
coded output is supplied at a rear-panel
connector to drive auxiliary output
devices, such as printers, tape-punches,
ete.

Voltage-Adjusting Network

To balance the bridge to a null, the
voltage on the standard capacitor must
be adjusted precisely in steps as small

as the least significant digit, which is
¥ Putent applied for.
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Figure 6. Resistive current-adding network used to contrel vollage on standard capacitar,

0.01%, of full scale. Figure 6 illustrates
the principle of the resistive current-
adding network used for this purpose.
The bridge voltage E is applied through
transistor gating eircuits to a series of
weighted conductances. There are four
conductances for each full counting
decade, weighted in a 1-2-4-2 series to
match the deeade output code. If, for
example, the unknown ecapacitor is
1.37 wl', the counting decades will
continue to operate until the transistor
gating circuits connect conductances
weighted 1, 0.2, 0.1, 0.01, 0.02, and
0.04 (a total of 1.37) to the bridge
transformer. When this condition is
reached, a current of 1.37 units flows
to the input of an operational amplifier
and feedback resistor, which econverts
the current into 1.37 units of voltage
to balance the bridge.

The transistor gating circuits do not
significantly affect accuracy. With the
high-gain operational amplifier, the
digital-to-analog conversion accuracy
is determined by the resistors to within
a few parts per million.

Accuracy

The basic accuracy of the bridge is
+0.1%, of reading for capacitance and
conductance., In cases where this high
accuracy is not required —in produe-
tion-testing of 109, capacitors, for ex-
ample — the balance speed can be in-
creased by reduction of bridge sensi-
tivity. A rear-panel sensitivity control
is available for such purposes.

No error is introduced by stray ca-
pacitance if shielded cables are used.
A three-terminal connection is thus
made to the capacitors under test —
both of the leads to the unknown being
shielded by a grounded gnard termi-
nal. The stray eapacitances to guard
shunt the low-impedance ratio trans-
former and detector and therefore do
not affect the accuracy. Series resist-
ance of leads, however, can cause errors
on the highest capacitance range. The
curves given in the specifications in-
clude the effects of lead resistance up
to 50 millichms.
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GENERAL

Figure 7. Type 1680-P1 Test Fixture.

ASSOCIATED EQUIPMENT
Type 1680-P1 Test Fixture

As mentioned earlier, the automatie
bridge is an amazing time-saver even
without auxiliary instruments. One
operator using one automatic bridge to
measure capacitors can replace several
operators using manually balanced
bridges. The only auxiliary equipment
really needed is some means of con-
necting the capacitors to the bridge
terminals. The Tyee 1680-P1 Test Fix-
ture (Figure 7) is ideal for this purpose.
It includes adjustable, insulated, fast-
action spring elips to receive the com-
ponent leads and a built-in switch to
start the balance procedure. Its top
plate is removable so that it can be
easily adapted to specialized contact
arrangements. Shielded cables connect
this jig to the bridge. Although it is
designed primarily for axial lead eom-
ponents, the jig is easily adapted to
accept parallel-lead units.

Automatic Input Devices

The process of connecting capacitors
to the bridge can be completely auto-
mated. Automatic input equipment
may be justified where the fastest pos-
sible measurement rate is required or

GEeT
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where capacitors are to be measured in
a test environment, out of human reach.

The scanner is the most likely in-
strument for sequentially connecting
capacitors to the bridge. This is basi-
cally an electronic or mechanical switeh,
with a number of shielded leads to the
components to be tested and a single
pair of shielded leads to the bridge.
Important requirements of such a
scanner are low series contact resist-
ance and low stray capacitance across
the terminals.

Auvtomatic Output Devices

Manual recording of measurement
data ean be every bit as time-consum-
ing — and just as subject to error
as manual bridge balancing. Fortu-
nately, the technology of data process-
ing has advanced to the point where
there is a fairly wide range of reason-
ably priced, relatively simple instru-
ments to record data automatically.
These include printers, tape- and card-

Figure 8, Type 1137-A Data Printer rack-mounted
with the aviomatic bridge.
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punches, analog recorders, typewriters,
and magnetic-tape recorders.

Printers

The General Radio Tyre 1137-A
Daty Printer (Figure 8) is designed for
use with GR digital equipment. This is
a 12-column printer, which therefore
handles the full capacitance and dissi-
pation-factor readouts (five digits each),
with two columns left over. Since the
printer does not print out the decimal
point and units as they appear on the
bridge’s visual readout, one of the re-
maining two columns is usually used to
indicate the range on which the bridge
was balanced.

The printer is probably the simplest
and least expensive way to récord
measurements made by the automatic
bridge. Its disadvantage is that the
printed tape it produces is not machine-
readable, and it cannot, therefore, be
fed into a eomputer for processing.

Tape Punch

A tape punch iz the least expensive
way to record data in machine-readable
form. The measured values from the
bridge are punched on the tape in
binary-coded form, the presence or
absence of a hole on the tape indicating
a binary 1 or 0.

Binary-coded output data corre-
sponding to all digits of the bridge
readout are presented simultaneously
(i.c., in parallel) at the bridge output
connector. The tape punch, on the
other hand, ¢an accept and punch the
data only one digit at a time (ie, in
series). Therefore, a parallel-to-serial
converter (sometimes called an inter-
face or intercoupler) is required be-
tween the bridge and the tape punch.
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IBM  Model
operating from outpul of outomatic bridge. Ca-

Fig. 9. Printing Summary Punch

pacitance vaolues are outomatically punched;

operator adds serial numbers. Also in relay rock

are data printer and (top) intercoupler required
for parallel-to-serial conversion.

Card Punch

The punched card has many advan-
tages as a data-storage device. It is
machine-readable. Cards can be auto-
matically sorted or rearranged. A single
ard, bearing complete measurement
data on a component, ean travel with
the component.

Iigure 9 shows the bridge driving
an IBM Model 526 Card Punch, with
the aid of a parallel-to-serial converter.

Analog Recorders

In certain applications (in the plot-
ting of temperature coefficients of ca-
pacitors, for example), an analog re-
cording is the most useful presenta-
tion. This ean be an X-Y chart or a
strip chart, such as that produced by
the GR Type 1521-B Graphic Level
Recorder, Either way, a digital-to-
analog converter is needed to translate

IET LABS, INC inthe GenRad tradition
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the digital output of the bridge into a
voltage analog. The Tyre 1136-A Digi-
tal-to-Analog Converter is compatible
with recorders made by General Radio
and by other manufacturers,

Digital Limit Comparators

In almost all high-volume capacitor
test programs, a decision immediately
follows each measurement. The eapaci-
tor is good or not good, higher or lower
than nominal, inside or outside toler-
ance., A human operator can make
these decisions, or they, too, can be
handled automatically. A two-limit
digital comparator ean be programmed
to indicate whether each capacitor is
within a given set of limits, too high,
or too low. The indication can be a
simple set of panel lights or it can be
in the form of relay contact closures
used to sort capacitors into various
bins, If the comparator is combined
with a data printer, the latter ean be
made to print ont-of-tolerance results
in a second color,

The limit comparator is especially
valuable in quality-control, production
testing, and aecceptance applications,
where it can reduce hours of work to
minutes, One can select a group of
components, for example, measure
them, and then glance at a printed
tape to check for rejects. The tape can
be filed with the aceeptance report or
returned to the supplier.

Other Output Devices

Typewriters and magnetic tape re-
corders are among the other output
devices that can be used to record data
from the automatic bridge. Both re-
quire a parallel-to-serial converter.

Realizing that the automatic bridge
will more often than not be part of a

G
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larger measurement system, General |
Radio has arranged to supply com-
plete systems incorporating auxiliary
instrumentation deseribed above.

APPLICATIONS

The automatic bridge was designed
primarily for the rapid, automatic
measurement of capacitance. The fol-
lowing are some of the specific appli-
cations calling for such a capability:

Incoming inspection

The automatic bridge is of obvious
value in incoming-inspection applica-
tions, and especially in those involving
many short runs of widely differing
values. No set-up time, no sets of
standards are required; the bridge can
measure capacitors as fast as an oper-
ator can drop them into a test jig.

Environmental testing

A batch of capacitors ecan be meas-
ured over and over to determine the
effect of aging, humidity, ete, on ca-
pacitance. Ior such measurements, a
scanner is useful at the input, and a
tape or card punch at the output.

Temperature-coefficient tests

The capacitance of a component can
be measured as a function of tempera-
ture. An obvious arrangement consists
of an X-Y plotter accepting capaci-
tance data from the bridge, tempera-
ture data from a thermocouple and
preamplifier.

Production testing

Large quantities of capacitors can be
presented sequentially to the bridge
by means of a belt, reel, or other type
of component handler. A tape or card
punch is recommended to store data.

www.ietlabs.com
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Production sorting

A digital limit comparator, as noted
earlier, can be used with the bridge to
inspect components rapidly on a go-
no-go basis or according to programmed
tolerances.

Other applications

Several ingenious eustomers have
already discovered ways to use the
bridge for applications other than the
straightforward measurement of capac-
itors. The bridge, for instance, becomes
a capacitance comparator if an external
reference capacitor is connected to the
proper terminals on the bridge. The
bridge will then indicate the differ-
ence, positive or negative, between the
unknown capacitor and the external
standard. This permits extra acceuracy
and resolution over some of the range,
and it is also useful where large num-
bers of capacitors must be padded to
a given value. As each capaeitor is
connected to the bridge, the bridge
indicates directly the value of the re-
quired padding capacitor.

The bridge will balance not only
for capacitors, but also for resistors,
inductors, and complex impedances.
When measuring resistors, the bridge
will automatically select the range
and indicate the effective conductance
(G = I/R) of the resistor along with
its stray capacitance. For inductors,
the indicated value will be in terms of

: )

(2=f)tL
The bridge will balance for impedances
between about 1 ohm and 100 megohms
at 1 ke/s. This range covers most of
the complex networks and integrated-
cireuit values. While the units indi-
cated on the bridge are not particularly

a negative eapaeitance (C=
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convenient for such measurements, tol-
erance-checking and sorting can easily
be accomplished if the test limits are
first converted into equivalent eapaci-
tance or conductance values.

Remote-Control applications

Most of the front-panel controls can
be operated remotely. This feature,
along with the digital outputs, makes
the bridge suitable for inclusion in spe-
cialized systems for automatie sorting
of components or controlling of produe-
tion processes.

SERVICE FEATURES

Just as surely as automatic equip-
ment saves its users money when it is
working, it is very costly when it is
foreed out of action for service. There-
fore, we have designed into the bridge
several features to help keep “down
fime” to a minimum. All components
except some in the power supply are
mounted on plug-in, easily replaceable
fiberglass etched boards (see Iigure
10). “Test” positions of, the front-
panel BaraNcm control allow the user
to “walk’™ the bridge through the
complicated balance logic one step at

Figure 10. Plug-in etched boards are easily re-
moved for service or replacement.
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a time to check operation. With this
troubleshooting aid, a faulty ecircuit
card can quickly be isolated.

CONCLUSION

With this, the first in a projected
series of automatic instruments, Gen-
eral Radio has ecombined a classic
bridge ecireuit with modern digital con-
trol techniques to produce the first true
bridge that is truly automatic. The
practical consequence of this develop-

GENERAL RADIO FXPERIMENTER

ment is the speedup, by a factor of 10
or more, in the measurement of capac-
itors. The resulting economic advan-
tage to any large-scale producer or
user of capacitors needs no elaboration.

— R. G. FuLks
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At 120 e/s

AL 400 o/8 At 1000 e/ &

Conductance (paraliel):

Dissipation Factor
(direct reading)

RANGES

Copacitance (paraliel)*: 100 pF-1000 uF
0.1 umho-1.0 mho
0.0001-1.00 (100%,) 0.0001-1.00 (1009} 0.0001-1.00 (100%)

0.01 pF-100 uF
100 pmho-1.0 mho

0.01 pF-100 uF
100 pmho-1.0 mha

{Measured as conductance); Oto = Oto m Oto o
i Capacitance: 0.1% of reading 0.1% of reading 0.1% of reading
'AI::E ;::f::ACY | Cenductance: 0.1% of reading 0.1%, of reading 0.1% of reading
| Dissipation Factor: 1%, of reading 1% of reading 1%, of reading
SPEED OF BALANCE o' Modes:

(approx) Ne range changes 2.5 seconds 0.35 second 0.25 second
(Speed moy be some-| With range change 5.0 seconds 0.8 second 0.5 second
what slower thon that| —— =T t o ——— ——
listed when dissipation Tracking Meodes:
factor is meosured neor| 10-count change 1.0 second 0.1 second 0.1 second
:::nl:;' end of eachl 490 caunt change 2.0 seconds 0.35 second 0.2 second

5 1000-count change 11.0 seconds 2.6 seconds 1,1 seconds

* For series capacitance measurements a correction [chort supplied) con be used: I D, = 0.1 {10%), correction = 1%.

EFFECTS OF LEADS: There is no error introduced
by stray capacitance if shielded cables are used.
Series resistance of leads can eause errors on the
highest range. Accuracy curves include the ef-
fects of up to 50 mi? of external cable,

VOLTAGE ACROSS UNKNOWN: 1 V an lower ca-
pacitance ranges, decreasing to 1 mV on highest
range. Can be set (internally) as low as 1/10 of
lt.heae values with a proportionate loss in reso-
ution.

DISPLAY: Two 5-digit banks of bright-light, nu-
merical indicators, with decimal points and
units of measurement. Lamp burnout does not
affect instrument operation or coded output.
Lamps ean be replaced from front panel.

pc BIAS: Can be introduced from external
source.

12
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IFD. = 0.03 (3%), correction = 0.1%.

REMOTE CONTROL: Start and balance controls
can be activated remotely by contaet closures.

OUTPUT SIGNALS
Numerical Data: 10 digits aop 1-2-4-2 code.
Range Code (1 to 7): 1 digit nen 1-2-4-2 code,

Primt C i at Completion of Bal
from “1" level to “0"" level — returns
level at end of display interval.

Signal Levels: “1'" level, 0 V; “0" level, — 12 V;
both with respect to reference line, which is at
<+ V above chassis ground. Tmpedance of lines
= 12 ki}.

MEASUREMENT RATE: Panel control allows ad-
justment of measurement rate so that display
time between measurements is between approxi-

Change
to “1"

B

-
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mately 0.1 und 5 8. The rate can be set manually
(or remotely) at any rate compatible with bal-
ance time,

OPERATION AT OTHER MEASUREMENT FRE-
QUENCIES: With internal factory modification,
the measurement frequencies can be changed
to any frequency between 100 ¢/8 and 2 ke/s.
DIFFERENCE MEASUREMENTS: By the addition
of n suitable standard to terminals provided, the
bridge ean be made to indicate the deviation,
either positive or npegative, from a nominal
value, over part of the range.

GENERAL

Pawer Required: 105 to 125 V, 195 to 235, or 210
to 250 V, 50 or 60 cfs, 100 W. Internal 120-

APRIL
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cycle oseillator is locked to power line for 60-
cyele operation,

Auxiliary Controls: A rear-punel sensitivity con-
trol can be used to minimize balance time by
decrease in resolution.

Mounting: The Automatic Capacitance Bridge
Assembly consists of two components, Tyre
1672-A |?l).’.il:i| Control Unit and Tyre 1673-A
Automatic Capacitance Bridge. End frames for
bench mount and hardware for rack mount are
both supplied.

Dimensions: Panel 19 by 1014 in (485 by 270
mim ), depth behind panel 18 in (460 mm ).

Net Weight: 71 b (33 kg).

Shipping Weight: 115 Ib (47 kg).

Catalog Number Description Pricg
1680-9701 Type 1680-A Avtomatic Capacitance Bridge Assembly $4850.00
16B0-9401 Type 1680-P1 Test Fixture 75.00

U. 8. Patent No. 2,548.457. Patents applied for

The ageny and the ecstasy. A
GR Type 1551-C Sound-Level
Meter registers 115 dB at a
Beatles' concert in Sydney, Aus-
tralia. {Phote courtesy Austral-
lan Consolidoted Press Lid.)

GEeT
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PRECISION COAXIAL CONNECTOR PAIRS
WITH CALIBRATION CERTIFICATE

Since the introduction of the Type
900-BT Precision Coaxial Connector in
1963, every one of these connectors
has been vswr-tested before shipment.
Connectors are tested in pairs at 1.5,
3, 4.5, 6, 7.5, and 9 Ge/s and are then
separated and sold singly, with the
actual test specifiecation for the pair
used as the guaranteed specification
for the single connector. The vswr
of two connectors bought singly could
be as high as twice that specibied for a
single connector, even though it is
almost certainly much lower than that.
On the other hand, if one could be sure

of buying the same two connectors that
were tested together, he would effee-
tively halve the guaranteed vswr of
the pair. For the benefit of those whose
applications demand exact calibration
data or connector-pair performance
guaranteed within the specifications of
the IEEE Recommended Practice,
we are now offering pairs of Type
900-BT Connectors, together with eali-
bration certificates.

The 0900-9407 Connector Pair com-
prises a pair of serial-numbered con-

1" Conxial Micrownve News," The General Radio Erperi-
menter, February-March 1065,

100 T [ I
VOO EEE 1a-mm SPECIFICATION
@
& 1o0a)-
1002 -
I T L £} L
10004 - =

Figure 1. Calibration certificate
for Type %00-BT Connecior
Pair.

GEeT
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nectors and a certificate of compliance
with vswr specifications. Specified
vswr data apply whether the two
connectors are mated together or
mounted on opposite ends of low-loss,
low-vewn lines, 10, 20, 30, or 40 c¢m
long (including eonneetors). When the
connectors are installed on lines of
other lengths, the insertion vswi may
differ from the calibration values. This
is also true when only one connector
of the pair is used. In practice, this dis-
erepancy is small because of the excel-
lent basie design of the connector.
The discontinuities in the connee-
tors are small, and the connectors are
relatively short electrically; it is there-
fore valid to connect the six calibration
points with a continuous curve on the
calibration chart (see Figure 1).

Test Procedure

The connectors are mounted on pre-
eigion H0-ohm air-line sections and are
tested by the substitution method.*?
The air lines, including the connectors,
are 10 ¢m long and are therefore half-
wave multiples at the test frequencies.
Characteristic impedance of the air-
line section is held to better than

+0.0157%,. Exeept for the influence of

skin effect, the impedance of a rigid
air line is strictly a function of its
diameters. These diameters are meas-

*A. B, Banderson, " A New High-Precision Method for
the Measurement of the VSWR of Coaxial Connectors,”
IRE Transantions on Micvoware Theory and Technigues
Vul MTT0 No 64, P, ﬁ 24-548.

VA, E. Sanderson, “An Accurate Substitution Methad
for Mensuring the VSWR of Coaxisl Counectors,” The
Miergware Journal, Vol 5, No 1, Jan 1962, p 60-73.

o1, A, Harrie a R. E. Spmney ""The Realization of
High Erm:uem:? Impedance Standards Using Air-Spaced
Conxisl Lines,” Conference on Precision Electromagnetio
Measurements, National Bureau of Standards, Boulder,
Colo, June 1964. (Publication scheduled in /EEE Tra

tiona on Inah

Catalog No.

APRIL

Figure 2. Use of calibraled connector pair fo test
UG odaptor pair. Electrical length of complete
test device should be multiple of 10 em.

ured with precision gauges, whose ac-
curacy is traceable to the National
Bureau of Standards. The total meas-
uremenft error including repeatability
is 00259 at 1.5 Ge/s, increasing
linearly to 0.08% at O Ge/s.

At lower frequencies, the test-line
impedance deviates from 50 ohms be-
cause of skin effect, In precision appli-
cations, the connectors are installed on
air-line sections similar to those on
which the connectors were tested.
Therefore, the skin-effect impedance
deviation does not introduce reflec-
tions in the transmission-line system.
Skin-effect corrections are, however,
required for some applications at fre-
quencies helow about 500 Me/s, Sueh
corrections have been discussed in the
literature.*

Applications

The 0900-9407 Connector Pair is
recommended for use where a mated
pair of connectors having an aceurately
known vswi is required, where guar-
anteed compliance with the pertinent
sections of the TEEE Recommended
Practice is sought, and in the testing of
transitions, connectors, adaptors, and
other low-loss transmission devices
(see Figure 2).

lation and Al (. Des 19649 — J. Zorzy
Price
Type 900-BY Precision Coaxial Connector Pair $72.00
with Calibration Certificate
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OPEN HOUSE

It is our pleasure to extend to all
Experimenter readers an invitation to
attend an Open House at General Radio
Company, Monday, June 14. One rea-
son for this festivity is our fiftieth
anniversary — which happens to fall on
that very day. Another is the desire to
introduce our new Bolton plant, now
in full operation. If wvou can con-
veniently visit us at West Concord or

at nearby Bolton, we'd be very pleased
to see you. Hours at both plants are
10:30 am to 3:30 pm.

1964 INDEX

The index to Volume 38 of the Ex-
perimenter is now available. A letter or
posteard to General Radio at West
Concord or to one of our sales engineer-
ing offices (see page 2) will bring you
a copy promptly.

GENERAL RADIO
GENERAL

EXPERIMENTER
RADIO

COMPANY

WEST CONCORD @ MASSACHUSETTS @ USA

www.ietlabs.com
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